INTRODUCTION
Kikuchi disease (KD) is a histiocytic necrotizing lymphadenitis with characteristic histological appearances and was first described by Kikuchi (1) in 1972. In general, the diagnosis of KD is made by evaluation of cervical lymphadenopathy (2) .
Contrast-enhanced computed tomography (CT) is one of the best imaging techniques for evaluating neck mass (3) and KD is often confused with tuberculous lymphadenitis (TL) in the process of investigating cervical lymphadenopathy on CT. The specific clinical or radiological features of KD have not been fully clarified yet. Based on regional tendency, tuberculosis is more common in developing countries and it is now becoming common in developed countries with the spread of Acquired Immune Deficiency Syndrome (4) . At first, KD was described only in Asians. However, KD has gradually been reported in many jksronline.org J Korean Soc Radiol 2014;71(1):6-13 (normal range: less than 20 mm/hour) between TL and KD.
We reviewed nodal distribution, nodal bilaterality, perinodal fat infiltration, muscle abscess, nodal conglomeration and necrotic lymph nodes. We analyzed the CT manifestations of lymph nodes that were more than 1 cm in their short axes. Also the nodal distribution was evaluated in accordance to the imaging-based nodal classification recommended by Shah et al. (11) .
Lymph nodes were divided into necrotic or non-necrotic. A necrotic lymph node was defined as having non-enhancing foci in the lymph node. We measured the Hounsfield unit (HU) using a manually defined circular region of interest (ROI) of approximately 4 mm 2 . At least, three ROI measurements were performed on the grossly lowest density area of each lymph node.
Then the ROI values were averaged. A non-enhancing focus was present when there was less than 10 HU difference between the average HU value of the post-contrast and pre-contrast images. Non-necrotic lymph node included homogenous or heterogeneous enhancement without necrosis. The types of necrotic lymph nodes were categorized as thin or thick, depending on the proportion of the peripheral enhancement of the necrotic lymph node. A thin type was defined as a peripheral enhancing portion less than 2 mm thick and below 25% of the total area. A thick type was defined as a peripheral enhancing portion more than 2 mm thick or above 25% of the total area.
Since there is no gold-standard for necrotic lymph nodes, we performed an interobserver agreement test for necrosis, nodal bilaterality, nodal distribution and the type of necrotic lymph nodes.
Statistical analysis was performed using SPSS for Windows (version 14.0; SPSS Inc., Chicago, IL, USA). The chi-square test was used to compare following categorical variables: sex, leukocytopenia, leukocytosis, increased ESR, nodal distribution, perinodal fat infiltration, muscle abscess and nodal conglomeration.
Independent samples t-test was used to compare following continuous variables: age, lymph node necrosis and type of necrotic lymph node. A p-value of < 0.05 indicated a statistically significant difference.
Interobserver agreement tests were performed using the twoway random-effects model to calculate the intraclass correlation coefficient (ICC) and the single kappa test was used to calculate the kappa value. The ICC was calculated for necrotic and nonnecrotic lymph nodes. Our scale for the interpretation of ICC was adapted for the reproducibility as follows: less than 0.40 as neous lymph node enhancement, perinodal fat infiltration and an accentuation of the fascial planes of the neck (5, 8) . Lymph node necrosis is fairly common in KD diagnosed at biopsy and the presence of necrosis can mimic TL, because caseous necrosis is one of the typical CT findings in TL. Therefore, it is important to study the characteristic CT findings of necrotizing lymphadenitis in TL and KD to ensure appropriate action (9) and to aid in the timely diagnosis of the diseases. Although CT findings of KD and TL have been described in few literatures, to our knowledge, there has been no large-scale analysis of the radiologic findings between the two diseases (10) .
The purpose of our study was to compare the clinical and CT manifestations of KD and TL and to accurately differentiate and diagnose the two diseases.
MATERIALS AND METHODS
The single institution retrospective study was conducted at the 
RESULTS
There was no significant gender difference in the TL patients.
KD patients showed significant female predominance (67.1%) (p < 0.05). Patients with TL (38.6 ± 16.1 years) were older than those with KD (26.8 ± 10.5 years) (p < 0.05). The frequency of leukocytopenia and increased ESR were significantly higher in KD (p < 0.05) ( Table 1) . TL more commonly affected lymph nodes in the upper paratracheal area (p < 0.05) as noted by both observers (Figs. 1, 2), while KD more commonly involved lymph nodes in level II, III, and V ( Fig. 3 ). There was no significant difference in nodal bilaterality and nodal conglomeration between TL and KD. Perinodal fat infiltration was significantly higher in KD ( Fig. 3 ). Muscle abscess was seen in TL only (14.4% in both observers, p < 0.05) ( Fig. 2 , Table 2 ). The degree of agreement was excellent in A-C. Axial CT images show multiple necrotic lymph nodes, bilaterally, in level II, III, IV, and V. The thin type necrotic lymph nodes at level II of left neck (white arrow) shows peripheral enhancing portion less than 2 mm thick and below 25% of the total area of lymph node. D. The necrotic lymph node is at the right paratracheal area (black arrow). Excisional biopsy was performed at level II of the right neck and the histopathologic diagnosis was consistent with tuberculosis. Necrotic lymph nodes were more frequent in TL and non-necrotic lymph nodes were more frequent in KD. The thin type lymph node was more frequent in TL. There was no significant difference in the frequency of thick type between TL and KD (observer 1: p = 0.17, observer 2: p = 0.22). The degree of reliability was almost perfect in both necrotic (ICC value = 0.94) and non-necrotic (ICC value = 0.95) lymph nodes (Table 3) . lieved it would be hard to compare the two diseases due to the decreasing patient number in the subclassified groups. Instead, we used the classification by Shah et al. (11) to evaluate the lymph nodes in order to minimize confusing variables and to increase the statistical power.
Our study showed that KD affected in order of decreasing frequency the nodes in level V, II, III, IV, and I. This pattern was the same for both observers. Han et al. (28) reported that KD affected lymph nodes in level V and IV, II, III, and I and Kwon et al. (10) reported that KD in order of decreasing frequency were at levels II, V, III, and IV. Kato et al. (29) reported that cervical lymphadenopathy in KD showed predominantly unilateral nodal distribution in order of decreasing frequency at levels II, V, III, and IV. It appears that the frequency of level V and II lymph node involvement was higher than that of the other regions of the neck.
Our study showed that TL was seen in neck nodes order of decreasing frequency at level IV, V and in the supraclavicular area. This propensity was also the same for both observers. through the lymphatic channels to regional hilar and mediastinal lymph nodes. Mycobacterium tuberculosis is an aerobic bacterium and is always found in the upper lung zone, resulting in a high frequency of TL in the highest mediastinum (19, 33) .
In our study, perinodal fat infiltration was considerably more cation. However, it is sometimes difficult to differentiate these diseases because they have overlapping findings on CT (13, 14) .
Many previous studies reported a female to male ratio of KD about 1.1:1--2.75:1 (15) (16) (17) . In our study, 67% of KD patients were female and the female to male ratio was 2:1. This result is in good agreement with previous studies. In our study, the female to male ratio in TL was 1:1. There is some controversy concerning the sex ratio in TL (18, 19) . We suggest this disagreement may be due to several factors which include endemicity, human immunodeficiency virus co-epidemicity or the diverse biological, social and cultural variables between countries. In our study, 42.5% of KD patients showed leukocytopenia and it was more frequent than in TL (5.4%). Several authors reported that mild leukocytopenia was observed in 25--58% and leukocytosis in 2--5% of KD patients. Leukocytopenia in KD is related to the cytokine-mediated mechanisms of lymphadenitis (12, 17, (23) (24) (25) .
Increased ESR was significantly more common in KD (43.8%) than in TL (20.7%). Hassan et al. (26) and Kuo (17) 6% ). This is a common feature in KD, which may also be seen in lymphoma and metastasis. The mechanism of cell death in KD has been explained due to apoptosis induced by inflammatory mediators such as interferon and FasL. Interleukin-6 has also been reported to be increased during the acute phase of KD (12) . Increased inflammatory mediators activate inflammatory cells including the mixtures of lymphoid cells and histiocytes and the characteristic karyorrhectic debris (10) . Histologically, perinodal fat infiltration means that the surrounding structures around the lymph nodes are infiltrated by perivascular and interstitial inflammatory cells.
In the data of both observers was the necrotic lymph node significantly more common in TL than in KD. In addition, the thin type was significantly more present in TL than in KD. These might be explained by following: the pathologic feature of KD is characterized by a sub-acute coagulation necrosis with apoptosis while that of TL is characterized by early caseous necrosis with tissue destruction by the organism (12, 17, 24, 34) .
In our study, muscle abscess was present in 16 patients with TL (14%, in both of two observers). There was an adjacent fat infiltration in 12 of 16 muscle abscess cases. The muscle abscess with adjacent fat infiltration might be due to the process of collar stud abscess formation. In tuberculosis, softened caseous necrotic lymph node can rupture and result in ulceration or a sinus with the adjacent deep fascia, and in turn, may lead to abscess formation in the muscle (35).
There was no significant difference in nodal bilaterality and nodal conglomeration between TL and KD in both observers (Table 2 ).
There were some limitations in our study. First, selection bias might have occurred because imaging analysis was done only on the lymph nodes which were more than 1 cm in their short diameter. Second, lymph nodes more than 1 cm in the short diameter did not concur with the histopathologic diagnosis. This may have led to limitations in obtaining exact predictive values.
Third, since a small ROI was used for the measurement of necrotic areas in an affected lymph node, the possibility of technical error could not be excluded. Fourth, there was moderate interobserver agreement in terms of nodal distribution in level I, IV, and V. We believe it was influenced by vague anatomical boundaries on axial CT images. Improvements in interobserver
